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MISSION ROLES FOR SEPS WITH THE 
SPACE TRANSPORTATION SYSTEM 


PRESENTATION TOPICS 
0 EXECUTIVE SUMMARY 

0 SELECTED OPERATIONAL CONSIDERATIONS AND MISSION CHARACTERISTICS 

0 TRADE STUDIES & TECHNOLOGY ASSESSMENTS INFLUENCING SEPS CONFIGURATION 
DEFINITION 

0 PROGRAM SUPPORT REQUIREMENTS 

0 DEVELOPMENT & OPERATIONS COST ESTIMATES 


MISSION ROLES FOR SEPS WITH THE 
SPACE TRANSPORTATION SYSTEM 

PRIMARY OBJECTIVES 

DEFINE ROLES CONTRIBUTING TO TRANSPORT COST EFFECTIVENESS 

PERFORM OPERATIONAL ANALYSES ON PAYLOAD TRANSFER & SERVICING FUNCTIONS 

DEVELOP CONCEPTUAL DESIGNS FOR PAYLOAD TRANSFER & SERVICING 

DEFINE SEPS INTERFACES WITH STS 

ASSESS DESIGN IMPACTS ON SEPS SUBSYSTEMS 

STUDY SCOPE 

6,500 MANHOURS 


MISSION ROLES FOR SIRS WITH 
THE SPACE TRANSPORTATION* SYSTEM 


CONTRIBUTING SECONDARY OBJECTIVES 


• QUANTIFY TRANSPORT COST EFFECTIVENESS OF SEPS RELATIVE TO A MSA 
MISSION MODEL 


• DEFINE SYSTEM OPERATIONAL PROFILE WITH FLIGHT ASSIGNMENT AND DATFS. 
IDENTIFY NEW ROLES. 


• IDENTIFY OPERATIONAL REQUIREMENTS AND DEFINE SEPS PROGRAM SUPPORT 
REQUIREMENTS 


• ESTABLISH SEPS TRANSPORT PERFORMANCE CAPABILITIES AND SHOW POTENTIAL 
IMPROVEMENT 


• IDENTIFY BENEFITS TO IUS-TUG & PAYLOADS RESULTING FROM SEPS USE 


• IDENTIFY PROBLEM AREAS FOR FUTURE INVESTIGATION 




DEVELOP OPERATIONAL COSTS OF SEPS 



SEPS FUNCTIONS IN ACCOMPLISHING THE REFERENCE MISSION MODEL* 

FROM 1981 TO 1991 


o SEPS - TUG GEOSYNCH & INTERMEDIATE ORBIT COMBINED MISSIONS COMPRISE 
179 PAYLOADS ACCOMPLISHING 93% OF ALL GEOSYNCH MISSIONS, 39% OF 
INTERMEDIATE ORBIT MISSIONS 

o TUG ALONE ACCOMPLISHES 7% OF GEOSYNCH MISSIONS, AND 61% OF INTERMEDIATE 
ORBIT MISSIONS 

o 4 Of 16 PLANETARY MISSIONS USE SEPS (8 LAUNCHES) 

o LON EARTH ORBIT SEPS MISSIONS ARE FEASIBLE BUT NO SPECIAL COST SAVINGS 
MERE IDENTIFIED 


•REFERENCE MISSION MOOCL TAKEN FROM NASA TMX- 64751, REV 2 
JANUARY 1974 "THE OCTOBER 1973 SPACE SHUTTLE TRAFFIC MODEL" 



OPERATING CONSTRAINTS INFLUENCE ON STS FLIGHTS 
REQUIRED TO ACCOMPLISH MISSION MODEL 

GENERAL PURPOSE MISSION EQUIPMENT DESIGNS EVOLVED IN THIS STUDY MAKE ANY 
NUMBER OF PAYLOADS PER SORTIE FEASIBLE 

SEPS HIGH PERFORMANCE ESSENTIALLY REMOVES PAYLOAD WEIGHT PER SORTIE LIMITS 

AVAILABLE PAYLOAD VOLUME IN .ORB ITER CARGO BAY BECOMES THE SIGNIFICANT 

LIMITING FACTOR 


COMPARISON OF STS FLIGHTS REQUIRED FOR 
MISSION MODEL VS ALLOWED PACKAGING SYSTEM 


STS VARIANT/PACKAGING SYSTEM' 

TANDEM 

SIDE BY SIDE 

THREE 

DIMENSIONAL 

BASELINE STS 

497 

488 

408 

STS WITH SEPS 

489 

467 

461 

STS FLIGHTS SAVED 

8 

21 

27 


JRMMR OF PAYLOADS FOR TUG OPERATING ALONE LIMITED TO THREE UP AND ONE DOWN 
ON EACH SORTIE. 


STS CONFIGURATION TRADES 


SHUTTLE FLIGHTS REQUIRED FOR HISS ION MODEL 


TUG 

SEPS 

30’ BL TUG 

30' TUG 
URL-10) 

25' TUG 

21 ' & 25' 
TUGS 

REUSABLE 

TRA.WSTAGE 

NO SEPS 

468 

480* 

468 

- 

- 

BL SEPS 

10 KHR THRUSTERS 

458 

459* 

- 

465 

- 

BL SEPS 

20 KHR THRUSTERS 

458 

- 

455 

464 

- 

50 KV.’ SEPS SPSA 
20 KHR THRUSTERS 

456 

- 

454 

456 

- 

50 KW SEPS Isp*4160 
SPSA 20 KHR THRUSTERS 

455 

- 

454 

458 

- 

100 KW SEPS SPSA 
20 KHR THRUSTERS 
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o 90 OAr TfOF TIME LW TW SEp's 

0 ELLIPTICAL CHANGEOVER ORBITS, PERIGEE ALT. NOT CONSTRAINED 
o RADIATION EFFECTS INCLUDED , 

0 SEPS COMFIGS. WITH 20 KHR THRUSTERS REFUELED 3 TIMES 
o INTERMEDIATE ORBIT PAYLOADS NOT DELIVERED ON SEPS FLIGHTS 

♦ PLD PL-23 JUP-SAT ORBITER-LANDER COULDN’T- BE DELIVERED 
** REQUIRES TANDEM TRANSTAGES + KICKSTAGE FOR SOME PLANETARY PLDS 


STS OPERATIONAL TRAOES 


30* BL TUG WITH BL SEPS (20 KHR THRUSTERS) 


REFUELED 

INTER-ORBS 

CHANGE-OVER 

ORBITS 

TRIP TIME 
LIMIT-DAYS 

1ST SEPS 
LAUNCHED 

RTS IN 
’81 THRU '83 

SHUTTLE 
FLIGHTS REQD 

3X 

YES 

ELLIPTICAL r p - 20000 km 
RAD. IGNORED 

90 

1981 

s 

NO ’ 

451 

3X 

YES 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

90 

1981 

NO 

452 

3X 

NO 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

180 

1981 

NO 

456 

3X 

NO 

ELLIPTICAL r p =20000 km 
RAD. IGNORED 

90 

1981 

NO 

457 

3X 

NO 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

90 

1981 

NO 

458 

3X 

NO 

CIRCULAR r^20000 km 
RAD. IGNORED 

90 

1981 

NO 

460 

AX 

NO 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

90 

1981 

NO 

457 

3X 

NO 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

90 

1984 

NO 

457 

3X 

NO 

ELLIPTICAL UNCONSTRAINED 
W/RAD. 

90 

T98T 

VIS 
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HISTOGRAM - NUMBERS OF PAYLOADS IN 
SHUTTLE DOWN MANIFESTS 




HISTOGRAM - SHUTTLE DOWN PAYLOADS IN 
COMBINATION WITH FOUR UP 


HISTOGRAM - DOWN PAYLOADS IN 
COMBINATION WITH FIVE UP 



HISTOGRAM - DOWN PAYLOADS !N 
COMBINATION WITH SIX UP 



DECISION CONTROLLING FACTORS FOR 

SEPS CONFIGURATION 

• TRANSPORTATION EFFICIENCY DEPENDS ON MULTIPLE PAYLOAD DELIVERIES AND 
RETRIEVAL 

• COST EFFECTIVENESS REQUIRES GPME WITH FEW SPECIAL ITEMS 

• GPME MUST SIMPLIFY SHUTTLE-TUG OPERATIONS 

• MULTIPLE PAYLOAD TRANSPORT & SERVICING MUST PLACE MINIMUM CONSTRAINTS 
ON PAYLOAD DESIGNERS 

• SEPS SPACE STAY TIME LIMITED ONLY BY WEAR OUT - EXPENDABLES ARE EASILY 
REPLENISHED 

• GPME WEIGHT INCREASE TO SIMPLIFY OPERATIONS RESULTS ONLY IN MODEST 
TRIP TIME INCREASES 

• EO SEPS HAS NO AV LIMIT WITHIN MISSION MOOEL REQUIREMENTS 

• SIGNIFICANT PENALTIES OCCUR FOR OPERATION THROUGH VAN ALLEN BELTS 



SPACE TRANSPORTATION SYSTEM ELEMENTS WITH SEPS 



SHUTTLE 





mult 


STANDARD KICK STAGE 
+ FAMILY OF SRMS 



INTERIM 
UPPER STAGE 


BASE LINE 
TUG 



CORE SEPS 




MAST/MANIPULATOR 
SYSTEM KIT 


□ n □ 

□ □ 

EO AVIONICS 
KIT 



ORBITER INTERFACE 
LONGERON 



STANDARD DIAPHRAGM DIAPHRAGMS 

& REPLENISHMENT KIT 










SYSTEM OPERATIONAL PROFILE (30 FOOT BASELINE 
TUG ♦ 26,000 SEPS WITH 20,000 THRUSTER LIFE REFUELED 













FUNCTIONS 


SUSTAINING ENGINEERING AND MAINTENANCE 
DIRECTION FOR SEPS AND ASSOCIATED GSE 

FLIGHT OPERATIONS CONTROL OF SEPS 
SUBSYSTEMS 

SUSTAINING ENGINEERING AND MAINTENANCE 
DIRECTION FOR CONTROL CENTER CONSOLES 

SOFTWARE DEFINITION/GENERATION FOR 
CHECKOUT, MONITORING, AND OPERATION OF 
SEPS SUBSYSTEMS 

LAUNCH PREPARATION & 

LAUNCH SUPPORT 


STAFFING 


PROPULSION ANO MECHANICAL SYSTEMS 
ENGR (4) 

AVIONICS SYSTEMS EN6INCER (4) 

PAYLOAD TRANSPORT /SERVICING SYSTEMS 
ENGR (S) 

(THESE UN ARE ALSO THE SEPS PILOTS 
FOR RENDEZVOUS ANO MANIPULATION 
OPERATIONS) 


FUNCTIONS 

MISSION PLANNING AND SIMULATION 

REAL TIME MISSION SUPPORT 

NEW SOFTWARE DEVELOPMENT AND 
MAINTENANCE 

STAFFING 

FLIGHT DYNAMICS ENGINEER (6) 
SOFTWARE MANAGER (5) 


FUNCTIONS 

DATA SYSTEM MANAGI -NT 

COMPUTER OPERATIONS MANAGEMENT 
(PRINCIPALLY COORDINATION OF 
PRIORITIES ANO SCHEDULE WITH A 
NONDEDICATED COMPUTER COMPLEX) 

DATA TRANSMISSION LINE MANAGEMENT 

CONTROL CENTER MAINTENANCE 

STAFFING 

FLIGHT SUPPORT DIRECTOR (2) 

DATA SYSTEM MANAGER (6) 

CONTROL CENTER MAINTENANCE (3) 

[~ ENTIRE GROUP SUPPORTS A RENDEZVOUS AND ] 
PAYLOAD TRANSFER OPERATION. FCC 
^STAFFING DURING THIS PERIOD IS 16. 



















SEPS SUMMARY COSTS 


NON- RECURRING 
PRODUCTION 

OPERATIONS 


$ 122.5 M 
137.9 
33.8 


TOTAL SEPS COSTS 


$ 294.2 M 



TRANSPORTATION COST EFFECTIVENESS COMPARISON 


/ 


FLIGHTS REQUIRING UPPER STAGES 


COST ELEMENT 
(DOLLARS IN MILLIONS) 

BLSTS 

BLSTS BLSEPS 
(20 KHR-REFUELED) 

SHUTTLE FLIGHTS » $11.09 

1508. 

1353. 

IUS EXPENDED 9 $5.17 

103. 

98. 

JUS WITH KICK STAGE 9 $6.37 

13. 

13. 

TUG RECOVERED FLTS 9 $.96 

87. 

75. 

TU6 RECOVERED EXPENDED KS 9 $2.16 

15. 

15. 

TU6 EXPENDED 9 $14.16 

0 . 

0 . 

TU6 AND KS EXPENDED 9 $15.36 

92. 

92. 

SEPS SORTIES 9 $.89 

— 

26. 

VEHICLE INVENTORY COST 
SEPS 9 (VARIES WITH PRODUCTION) 

105. 

138. 

TOTAL 

1923. 

1810. 

$ SAVED IN TRANSPORT COST 

— 

113 . 

SEPS DEVELOPMENT, OPERATIONS, 
START-UP, A REFURB. COST 

102. 

131. 

TOTAL SYSTEM COST 

2025. 

1941 . 

NET $ SAVED 

— 

84 . 








EVALUATION CRITERIA FOR CHOICE OF SEPS CONFIGURATION 


PROBLEM! ! ! EVALUATE AGAINST: 

A. MINIMUM TO MEET ABSOLUTE MISSION NEED? 

OR 

B. COST EFFECTIVENESS ONLY AGAINST A REFERENCE MISSION MODEL 
ESTABLISHED FOR AN STS WITHOUT SEPS 

AND/OR 

C. RECOGNIZABLE POTENTIAL VALUE OF FUNCTIONAL CAPABILITIES 
AND MISSIONS NOT IN PRESENT MISSION MODELS PLUS B FACTORS 



CONCLUSIONS AND RECOMMENDATIONS 


o USE OF SEPS WITH THE STS ADDS SIGNIFICANTLY TO CAPABILITY AND RESULTS 
IN SIGNIFICANT RETURN ON E.O. INVESTMENT 

o THE MANIPULATOR/MAST SYSTEM WILL RESULT IN LOW OPERATIONAL COST AND 
MINIMUM IMPACT ON PAYLOADS. A MANIPULATOR SYSTEM IS RECOMMENDED FOR 
BASELINE SEPS 

0 SCREEN POWER DIRECT FROM THE SOLAR ARRAYS WITH INHERENT Isp OPTION IS 
RECOMMENDED 

o SEPS DEVELOPMENT AND OPERATIONS COSTS ARE ONLY SLIGHTLY INFLUENCED BY 
POWER LEVEL 

o HIGHER POWER SEPS ENHANCES TRANSPORTATION CAPABILITY 






lAVlTUOt lOtGI 




MAXIMUM PERCENT 
OF ORBITAL PERIOD 
IN EARTH'S SHADOW 



r 


AVERAGE YEARLY PERCENT OF ORBITAL PERIOD IN EARTH'S SHADOW 


5 



NODAL PERIODS, ha. hp 


i - 9.2 ISM MRS. hi»,H9 hp 5606 NM 
l-M- ISM HRS ha 27, 207 hp 7307 NM 
» - 2.6 17 51 HRS ha 23, 900 hp 13,069 NM 

1 1 1 1 1 1 1 1 1 1 1 1 

0 30 60 90 120 150 180 210 240 270 300 330 360 

r (degree) 


BASIC DIFFERENCES 
SHUTTLE TUG ASCENT 
TO GEOSYNCH VERSUS ASCENT 
TOSEPS-TUG CHANGEOVER ORWT 


FOR TUG ONLY 


• SHUTTLE LAUNCH FROM KSC MAY OCCUR AT ANY TIME. TUG WAITS IN 
PARKING/ PHASING ORBITS UNTIL EARTH ROTATES TARGET LONGITUDE 
TO PROPER RELATIVE POSITION. 

• MAX WAIT TIME IN ORBIT = 12 HOURS. 

• TARGET LONGITUDE DICTATES WAIT TIME IN LOW ORBIT. 

• TUG DESCENT BURN WAIT TIME £ 12 HOURS. 


FOR TUG + SEPS 

t SHUTTLE LAUNCH WINDOW ONCE PER DAY AT TIME DETERMINED BY SEPS ORBIT. 

• FOR CIRCULAR SEPS ORBIT, TUG INITIATES ASCENT BURN ANYTIME PHASING 
IS PROPER. 


§ FOR ELLIPTICAL ORBITS, TUG MINIMUM ENERGY ASCENT/DESCENT WINDOWS 
EXIST ONCE PER SEPS ORBIT. 





AV PENALTY - METERS/SECOND 


LAUNCH-DELAY PENALTIES FOR INCLINED 

CHANGEOVER ORBITS 



I 

I 


MISSION-TIME INCREASE -HOURS 


MISSION-TIME INCREASE AND SEPS SAVINGS 
(WITH ELLIPTICAL CHANGEOVER ORBITS) 



TUG 2-WAY -METERS/SECOND 


SAVINGS IN SEPS THRUST-TIME - DAYS 



OUT OF ECLIPTIC MISSION 


MttKR POMR I n» 


SIPS INCLINATION 


SOKW<£»LI>» 72 * J jyiahmissjo^ 

, | 6 YEAR MISSION 


ECLIPTIC PLANE 


25 KW 
BASELINE 

50 KW 
'fl BL Isp 

1373 KG 
2289 KG 
18955 HOURS 
7324 HOURS 

1713 KG 
2240 KG 
15534 HOURS 
10746 HOURS 

1859 KG 
7722 KG 
258.90 SEC 

185° % 

7431 KG 
249.15 SEC 

if— - - J 


INERT MASS 
PROPELLANT 
BURN TINE 
COAST TIME 

CENTAUR 


INERT HASS 
PROPELLANT 
BURN TIME 


TE: SUN'S EQUATORIAL PLANE INCLINED 7 DEGREES 

TO ECLIPTIC AND ORIENTED SO AS TO ADO 
DIRECTLY TO INCLINATION WITH RESPECT TO 
THE ECLIPTIC PLANE. 



50 KW SOLAR ARRAY 
SCREEN POWER 
DIRECT FROM S.A. 

" BASELINE SEPS 

25 KW SOLAR ARRAY 


2 3 

MISSION TIME 










DESIRABLE CHARACTERISTICS FOR 
PLANETARY MISSION FLEXIBILITY 


MPROVED AVERAGE T/W RATIO 

- INCREASED SOLAR ARRAY AREA A HIGHER KM/KG 

- IMPROVED POWER PROCESSOR EFFICIENCY AND/OR 
SCREEN POWER DIRECT FROM ARRAY 

- FULLER UTILIZATION OF THRUSTERS INHERENT CAPABILITIES 


• OPTION TO OPERATE AT HIGH OR LOW Isp TO HS.TCH MISSION 
REQUIREMENTS 


• RESERVE POWER TO SUPPORT PAYLOADS AT EXTRUDED DISTANCES 


APPROACH NET MASS, m (KG) 



flight time ioav$i 


[•j ■if I 



nyj 


* j ij 



• j i 


■ i • 













REVIEW OF TYPICAL PLANETARY MISSIONS FOR SEPS 

(CONTINUED) 




f LIGHT TIME IOAVSI 


METIS RENDEZVOUS 




REQON 

RANGE 


SHUTTLE /TUG (Ml 


UO SR M M 

f LIGHT TIME (OAVSl 


PL-13(2) 1987 


PL-28<2) 1986 





TRADE STUDIES AND TECHNOLOGY ASSESSMENTS 


o PAYLOAD TRANSFER AND SERVICING SUBSYSTEM 
o RENDEZVOUS N&G AND SENSORS 


o TSS TECHNOLOGY ASSESSMENT 



DOCK ft ATTACH PAYLOAD TO EXTENDABLE MAST 
BY DRIVING ARTICULATED LEGS TO TRANSLATE 
DOCKING FRAME TOWARD MAST CRUISE TO NEXT 
PAYLOAD 


DOCK WITH NEXT PAYLOAD AFTER ROTATED 1ST 
PAYLOAD 180' TO CLEAR DOCKING FRAME 



L] Ll 

I i LJ 

Bi' < •* 

Vjmx we 


EXT EMC MMST ATTACH «3 PAYLOAD TO 
WWI ROTATE •> ft *? INTO FlIOKT 

RWIIM 



EXTEND MAST ROTATE «2 PAYLOAD TO CLEAR 
DOCKING FRAME DOCK WITH e? PAY LOAD 


PAYLOAD RETRIEVAL SEQUENCE 












SERVICER CONCEPT EVOLUTION 



SERVICER 

CONCEPT 

EVALUATION 


i SKSAT 


r A6WS 


~~«ar~n 

<4 

■*— k •« «• 

• 


INITIAL EXPLOITIVE 
SATELLITE CONCEPTS 


1ST ITERATION ( 
MDAC PREFERRED! 


MD ITERATION 
TO REFLECT SATELLITE 
CONCEPTS 


FINAL 

RECOMMENDED 

APPROACH 



DIRECT ACCESS 

CIRCULAR 

PATTERN 




| FI/GE PREFERRED ) 



• 50% EXCH 

• 75% EXCH 




3RD 

ITERATION 

ON 

DESIGN DETAILS 


• 5 X 5 PATTERN 

• MOOULE SIZE 

• ETC 


SQUARE PATTERN 



NASA PRELIMINARY 
REVIEW OF CONCEPTS 


•MO* MOOULE 
EXCHANGE 
DESIRED 



COMR&D 







ORIGINAL PAGE 18 
OF POOR QUALITY 


OPTIONAL TRANSFER METHOD 
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PAYLOAD SUPPORT, HANDLING & SERVICING CONCEPT COMPARISON 


ARTICULATED DOCKING 
FRAME & PAYLOAD 
SUPPORT STRUCTURE 

EXTENDABLE BOOM AND 
SIMPLIFIED MANIPULATOR 

PAYLOAD MAST AND MANIPULATOR 

SYSTEM 

ADVANTAGES 

• SIMPLEST ONBOARD SOFTWARE 

ADVANTAGES 

• MODERATE ONBOARD SOFTWARE 
REQUIREMENT 

• SIMPLEST PAYLOAD TRANSFER 
FUNCTION 

ADVANTAGES 

• GREATEST INHERENT CAPABILITY 
FOR PAYLOAD SERVICES AND 
MAINTENANCE 

• MINIMIZES DESIGN CONSTRAINTS 
ON PAYLOADS 

• SIMPLEST AND MOST FLEXIBLE 
INFLIGHT OPERATION 

• SIMPLEST GPME & TUG PAYLOAD 
INTEGRATION FUNCTION 

• HIGHEST MISSION SUCCESS PROBABILITY 

DISADVANTAGES 

• MOST COMPLEX FLIGHT 
OPERATION 

• MOST COMPLEX FLIGHT HARDWARE 

• LIMITED GPME - REQUIRES 
TAILORING OF TUG MISSION 
EQUIPMENT & ORB ITER TO PL 
ADAPTERS FOR EACH SORTIE 

• EITHER SERIOUS PL DESIGN 
CONSTRAINT OR VERY LIMITED 
SERVICING ABILITY 

• NOT ADAPTABLE TO UNFORESEEN 
OR UNPLANNED MISSION EVENTS 

• COMPONENTS REQUIRING 
POSITIONING & FEEDBACK INFO 

DISADVANTAGES 

• LIMITED SERVICING AND 
ONORBIT MAINTENANCE 
ABILITY 

• INTERMEDIATE ADAPTABILITY 
TO UNPLANNED MISSION 
EVENTS 

DISADVANTAGES 

• ONBOARD SOFTWARE REQUIRES ' 32K 
WORD MEMORY STORAGE 


EXCEED OTHER SYSTEMS 



ORIGINAL PAGE E 
OF POOR QU ALPHA 


MANIPULATOR SYSTEM SCHEMATIC 
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